Bioceramic materials are importantly used in the field of hard tissue engineering. The direct detection of cell response is almost impossible for most of bioceramics due to their opaqueness. Thus, the live tracking of cell behavior cannot be performed on these ceramics. In this study, we propose a strategy that direct observation of cell growth through hydroxyapatite (HA) ceramics can be realized by employing a translucent hydroxyapatite (tHA) nano-ceramic. We obtained MC3T3 preosteoblast cells and cultured them in the presence of tHA for up to 7 days. The results show that MC3T3 cells were able to be seen through the tHA. In addition, live fluorescent staining confirmed that the MC3T3 cells were viable throughout the culture time period. The findings reveal the as-fabricated tHA nano-ceramics can be potential as a bio-window material for cell adhesion and proliferation.
Introduction
Calcium phosphate-based biomaterials, including ceramics, bioactive glass (e. g. bioglass), glass ceramics, cements, coatings and other nanocomposites, have been widely developed for hard tissue engineering. 1 Notably, bioceramics are excellent candidates in orthopedic loading bearing coatings, dental implants, bone graft substitutes and bone cements. Clinically, the first use of bioceramics started early in 19 th century, when the controlled implantation of bioceramics occurred in dentals. 2, 3 With technical advances in ceramic technology, the emergence of tricalcium phosphate (TCP), alumina (Al 2 O 3 ), zirconia and hydroxyapatite promoted bioceramic as an advanced medical technology for clinical applications. 4 As the main inorganic component (up to 70 wt%) in the natural bone, hydroxyapatite (HA) is a highly biocompatible and bioactive material, which is degradable, non-toxic and osteoconductive. 5 The bone-bonding property allows HA to establish chemical bonds in vivo when they were introduced to bone defects. For a long time, the synthetic HA ceramics has been studied in vivo and in vitro, by addressing their effects on bone tissue formation and bone cell function (attachment, adhesion, spreading, proliferation and differentiation). By comparing with conventional pressure-assisted sintering techniques such as hot isostatic pressing (HIP), [13] [14] [15] spark plasma sintering (SPS), [16] [17] [18] and pressure-less sintering (PLS), 19 our method is particularly advantageous in its simple and low-cost manufacturing process. As previous studies showed, it is interesting to observe cell behaviour on a tHA surface. In this paper, however, we focused on tHA as a window material to observe the MC3T3 cell adhesion and proliferation by using lab optical microscopes. MC3T3 is a mouse calivarial model of early stage, pre-osteoblasts. 20 MC3T3 undergoes different stages of differentiation, and proliferates rapidly, making them a popular choice for osseous toxicity and developmental testing. 21 A video recording was used to observe how cells moved under tHA nano-ceramics.
Methods

Materials
For material fabrication, all the chemicals including calcium nitrate, diammonium hydrogen phosphate and ammonia solution were purchased from Sigma-Aldrich (USA). They were analytical grade reagents used as received without further purification. The simple filtration system consists of a vacuum pump (D-79112) connected with a filter unit (KNF Neuberger GmbH, Freiburg, Germany). Besides, the polycarbonate filter paper (Whatman® Nuclepore™ Track-Etched Membranes, diam. 47 mm, pore size 0.4 μm) was used during filtration.
Fabrication of tHA nano-ceramics
The process of preparing tHA nano-ceramics has been described in details elsewhere. 12 Briefly, there are three major steps throughout the whole procedure. During the first step, HA nanoparticles were synthesized by a typical precipitation procedure. Diammonium hydrogen phosphate was dissolved in deionized water to form a clear solution with a constant concentration of 0.2 M. Then, calcium nitrate was also prepared in deionized water with a constant stoichiometric Ca/P molar ratio of 1.67 for the formation of Ca 5 (PO 4 ) 3 OH. The initial pH of each solution was adjusted to 10. After that, the solution was vigorously stirred overnight. The as-achieved precipitate was then kept stationary in the mother liquor for another 24 h. During the second step of forming the tHA precursors, a 20 mL suspension was taken from the solution and made into a precursor through the as-described filtration system. The tHA precursors were dried in air at room temperature after filtration. During the last step, tHA precursors were dried in oven at 37 ˚C and then put into an ordinary non-vacuum furnace for calcination. The precursors for calcination were heated at 900 ˚C for 2 h with a ramp rate of 5 ˚C/min. Then, the ceramic plates were cooled with the same rate to room temperature.
Characterization methods
The morphologies of a tHA ceramic plate and its bulk ceramic microstructure were detected by scanning electron microscopy (MERLIN, Germany). To achieve a better exposure of the crystalline grain, the polished tHA surface was etched using 15% phosphoric acid for 10 seconds. The Fourier transform infrared (FTIR) measurements were performed on a FTIR spectrometer (Bruker IFS 66v/S) and the spectrum was typically averaged of 128 scans with a resolution of 4 cm −1 . In experiment, the tHA ceramic plate was pressed by the indenter on top of the ATR crystal. The OPUS IR-software (Bruker Optics GmbH) was used for data processing. Thermal gravity analysis (Q500, TA instrument, USA) was conducted with a ramping rate of 10 ˚C/min in a temperature range of room temperature to 800 ˚C. Approximately 10 mg of a tHA ceramic plate were sealed in a platinum pan and scanned under N 2 gas atmosphere. The phase characterization was taken by X-ray diffraction (XRD) using D5000 (Siemens, Cu Kα1 radiation (λ = 1.5418 Å)). For the settings, the step size was 0.008° and the scan speed was 0.2 S per step. Diffraction angles ranging from 5 to 60° were analyzed afterwards.
Microscopy methods of cell behavior
MC3T3 cells (ATCC-LGC, USA) were cultured in αMEM (Hyclone Fisher, Sweden) supplemented with 10% (v/v) fetal bovine serum (FBS, Hyclone Fisher, Sweden) and 100 U ml -1 penicillin and streptomycin (Fisher, Sweden) at 37 ˚C in 5% CO 2 -95% air atmosphere. Cells were seeded into a 24 well plate for all bio-window experiments and analyzed after 1, 3, and 7 days of culture with both CFDA fluorescent staining and bright field images. On the day before analysis for each time point, tHA materials were added to the culture wells and pictures were taken thereafter. For time lapse imaging, MC3T3s were seeded in a petri dish and analyzed between 4 to 6 hours after contacting with the tHA material.
Images were taken using an inverted microscope with the bright field and FITC filter after 1, 3, and 7 days of culture. Time lapse imaging of MC3T3s in contact with the tHA was taken using laser scanning confocal microscopy. Figure 1 shows the direct visualization of a tHA ceramic plate with different stages. The gross image presents its transparency and the SEM images from surface and bulk microstructure displayed a highly packed layer of tHA. The shapes of particles in the nano-ceramic are mainly quadrangular to hexagonal with sizes in the range of 100 to 300 nm, which can be clearly detected from Figure 1c . Figure 2a demonstrates the TGA curves of the HA specimen. tHA lost weight gradually with an increase in temperature. Moreover, two weight loss peaks were identified.
Results and discussion
One is found at approximately 300 ˚C, which is related to the water loss. Another is found between 400 and 650 ˚C, which is related to the gradual de-hydroxylation of HA . In Figure 2b , the XRD pattern of tHA confirms the single phase of hydroxyapatite. The diffraction peaks of tHA were relatively broad, indicating the nano sizes of HA crystals. Figure  2c shows the IR band positions and their assignments are classified. Notably, the IR spectrum indicates the tHA is carbonate substituted phase, since two peaks at 2344 cm −1 and 2362 cm −1 can be attributed to the absorption of atmospheric CO 2 . The absorption may occur during the precipitation of tHA nanoparticles. 22 The bands located at 1029 cm Bright field and CFDA staining showed that the MC3T3 cells were viable over the 7 days of culture (Figure 3 and 4) . The results indicate that cells without fluorescent staining can be monitored when cells were cultured under tHA nano-ceramics. At an early stage at 6 hours of the culture, seeded cells can be observed ( Figure 5 ). The attachment and spreading were obvious under tHA nano-ceramics. Most of cells exhibited the typical morphologies of MCT3T3 ( Figure 3, 4 and 5) . Time-laps microscopy recorded the cell spreading and movement from 4 to 6 hours. The movement and spreading of part of MC3T3 cells have been monitored (Video1 and Figure S1 in the supporting information).
Online observation of cell dynamics on or under bioceramics is difficult because of the opaque nature of the ceramics. Apart from our study in which tHA was used for detecting cell dynamics, the previous studies also revealed that the transparent nature of biocompatible substrates could be utilized for observing the cells on the ceramic. Kitamura et al. reported the culture of human bone marrow mesenchymal cells on the polycrystalline alumina (P-alumina) and single-crystal alumina (S-alumina) disks. 24 What they have addressed was that the opaque P-alumina disks could not be used for microscopic observation, while the S-alumina showed comparable performance, when compared with the effect achieved by using Falcon tissue culture polystyrene (TCPS) dishes. Above evidence proved that a well-controlled surface could potentially replace the conventional commercialized plates, if extra attention could be paid on the surface properties like roughness and topography. Meanwhile, previously cells cultured on transparent HA has been reported. Cells could be observed on these materials. tHA sintered by SPS is well-crystalized and quite stable regarding the degradation. A biomimetic HA is more similar to bone minerals, and interesting for biomaterial scientists. In our case, the as-fabricated tHA obtained a really dense surface, as well a good degree of crystallinity. 12 Also considering the even better compatibility of HA biomaterial, the surface of tHA would provide a stable platform for studying the cell dynamics. Our results show the material is not toxic and cells can be easily seen through the tHA nano-ceramics, exhibiting that tHA has the potential to be used as a bio-window material.
Conclusions
In this study, the biomimetic tHA nano-ceramics have been used as a window material to observe the cell dynamics. The attachment and spreading of MC3T3 cells can be observed through tHA nano-ceramics. The findings make it possible to observe cell behavior through bioceramics by light microscopy, which revealed a new function of such tHA for live detection in tissue engineering.
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